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Abstract.—

A de~i.gn ~t~lriy of n stntnlrse steel, I)eavy wall,

Ilelicnlly Blliapcrf vrII, tIIIrr toruu IIHR been mnde fnr uae in

n prop~flcd Stell~rntor con fiRurntl on. Tile Htudy con-

cernn ltnl.lf Wltll the mhnpc of the vncuum ves Bel and

the dlv[~ion of tlle veun?l tnt.~ components tliat can be

mncllined nnd welded ‘ngcttlrr into a helictil con flgura -

t inn, A complication in tlle design reqtitren tllnt m

clr(ulnr mnRnet COI1 be locntcd nt tht minor toroidnl

,nxl,q nnd tllnt tlll~ coil he emhedd(, d Wltlllll tl)c pcrl -

pl}rry of tllr Vnriitim ven~el. The vnru[,m veHsel has n

mftlor tor[~ldfrl nXLH dlamrlrr of 4 mrtrru, n 6H.6-r-m

Hllrll rflnmr[cr, nnd o .,9-cm wnll thlrkne~s. It twlrlrs

ohollt tl]e rnlnor toroldnl HXIFI twlcc in 360°. (A, I n
v(,l,,c r)[ 2).

It in prc,pon..d tlllll tl)c unit he Hulrle Of

cyll, )drl(. nl sr~m(~lllR wll II tllr end~ of lIIL. cyllndrr H cut

nt illllr(]l)rlntr lc~ny,tli9 III](I nuglr~ (> form tlIP II C1l H. A

mn~llt~mnt lvol drrlvut I (In of lhr dlmrllflionm nt,crmunry to
I) r(,dlice Ille rrqtilrrd IJIIJIpr M of tile ~cgmciltn llnn hvrn
m;l[lv . AI.110, drIIwl IIus i,f 111(> vncutim vcRHrl cc>mpnnrjlt R

llrlvr I>roll pr(>(ltlred t],, I, ANI,’FI (;TR CA1l/(; AM Ryflt cm, Tl)r
IIrf)co,ltlrc {lPvPl(>llvd rIIU he IIn Pd for mIy Val LIIJ vf n II P

dl(, lIllrd hy plIy Hlc B rvqtllrt, mrntn.

1111 r(l(lllrl 1011.—. .—

‘III(. VII (tlllm (.llnmlnvr rI)IIl t.mlllilt(, d (or n prolll]ur(l

Sil, llnrn!(,l lIVH 1(-M IH (1 l(brol(ll\l illl){. , II rctllllr I 11

,.rr),l!l–ll,. (( I ,111, wIII(, II nplrlll~ nl-4>h11tl n L mu[vr dlnmrtrr

1,1,11)111 ,,11,.11,. ‘I’ll{, (.llilnlf, -r hill h(, mlltlc of ‘]()/,

!ltllllll[. flH !IIIII>I , Irl ?7 LI(t II,Il Il. III Iin[dr (I(nmt,l(,r wIIII

,1 i//l 111(11 !lll{k will 1, ‘1’IIc [Itllvr {l rt,{lmferollrt, 0[ tllr
(.llllm!ll.r WI I I lIIIVI~ II p,r IIIIVI~ nl)l,rt~xlmnl rly fI I IIrlIVM hy (I

III(IIOM [t~rm(~d lllt(> tll I. v(b(.(lllm (.llnmh(. r 10 n(,v(lmm(](lillv n

Ib{lr(l (.,11,, l,l:l~:,la$l 1( (,, )1 I . Ill ,.l,,,lFr-Mrvt 1011 t 110 p,l<)ovl.

It! 1,11411 111111.11III) lllv [lt(lltnff.1’4.rl(,, nll Il I, NIIsIIIIM Illwdlr(l

I IIw,ll(l 1111, Vdl{llllm illt!mlll~r 1,8,1111~1 , ‘1’11,, (011111 IQI(( [1111 Ill

!411(11 II I(II I 114, 1$~11[1.1 Ifll,, ,,f 1110 I)itrif tort, {III I f41tmu II

I,,l,lf( 111!1!1111 II l’( 11$, 1111, Il<lltf ,,*11’1, ,.(1! I llllf !,1 lM ,111]1111,f

I Ilfll 1)1,111:11 (lrt.1(, 1111(I I 11!, Vn(,lllim (.1,,,111111,1, HIIl rnl!l

)Ilr, !ll!tl t IIV 1,111(1 ,,4, !’1, (,,11 I , ti~.111(, I {.1 ,11) (I I! IM(I, II 1,111

111 1111~ I,lllllllul,tl !;l,,lll! 1,118)1 nvttl ,,m 111111 PIIIIIWII [ IIIT VnCIIt IIn
V1. llllt, l 1111 II WI I I /11111!..11 Ill

~t Y,II III >1 II II C,WM I ll!s V,llllllln V1311V4*

,( II I, m,lulln,l I t, rq, l I ,IN, u491”III y.

‘1111~ lllllllfll~l ,)1 1(111)14 ,11!

(( f(,,ll}{,lrlll~, f 11) Will 1,,. Itllv( I

1 1,(1!l!ll. !!!l’ 11111 1,1 I Ill, l,tt)~,,lnm.

,11 ll\l\, !1 Wt,l 4!,111! 1,11,,,1 I r, 11(~ r~(l\l,ll

IIU I 111111 (.11111 Iulll,ll 1011.

tn. t(lp rOr t 11P Ilnr(f

\ll),l I 1,,, ,> 1,,,,,,, (1,,1P

1,,,1 III’ I I,o I (.1,111)1(11!
Vt,l’ ,)llllltl N,.11 (If ttli,l

1<1 ? 11111 11111 Ill- lIIIV

Illlml,, $l Will, t 1!!. ,!,,,,,, $ 1111,1 Iv!l 1!8 ,Iplll 1(,11)1(,.

;:,. ,! 1,,,1 1), ,1I VIII 1011

1’!, ,1,.1, 11. V,, Ir, (llttllll!ll l!, ,,, ,,11,1 I Ills Illllt Will I!o

I :11,1 11)11 l~!l tll 114,, ! 1111111 pl(ll!llhlv Illn,lt. 1!1 f Illp,lllp.,1 Wlll,l,

Will Ill, wl~lllllf I II}!l,llll,l I II f ,11 m 111,. l,llilml!~,l . ‘1’flr I !!1111

,!1 ,$,1,1, ,!,,, ! 1,>11 WI II )1,3 ,! (VII II!IPI of Ill 111)1,1 II I iima.1 ,SI

!111!1 11, l,kll,. ?lrl Wflll I 1!,, 11(11(1 (1118, ~llltlvl, nll Illlvp,llll

)?!111 <II II I,) tu,$o I 1,),1. 1’!1 1111111111 I Ill, I Illnl MI III I!l, (! I 1.(1111

,1,~,1 1,,11 II Ml I I II(* III*I,INIIJIIV 11111V I II m,l(lllll!, I I(II 1111.

4
\J, )lk 1>($, I ,11,,1,9,1 1411,11,1 I 1,,. It!l!lpfl. mll ,11 I Ilr

Il.!;. 11,,, >,11 I ,ll#. !)t ,)1 It,l,,lkv.
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full ,. 11,111 ()[ III(, (yl II I,IPI /11 111,, \ll(,,l#~l N!lp, l,, n ,,11,1 10

t Ilko n I Illlnll N,tll IIII(,IIUII IIIV 16,11,1 (., II,x t,l, fr,tl RI(,,PVr,

I I Ill VXIIIJ(,I ,~(1 I 1111[ ’17 ‘l’f: 1.,)1 IN WI I I 1,1~ 11$(111! II, (1

II t 01111(1 I 110 (,li(lmlii)r. ‘I’1l (111 111)($ 1,,111 Ill VI [Il. I IIV [,111111111$,1

11111) 1? r.l, (.l 1111111 plllil .11 !111,11 111111 1111, ‘TIE (.01 111 ,,IIVI, 1,

I Ill. W,. 1(1 ),lflll II (If I Ill, 111,(,1 1,31),, . ‘1’11Ill Ii,llvl$tl 1),1!(,.

mf, t tit f ,,1 I f),, 1~,~11,,1 )111 IOIIM I,,t~tul Ir,l I utk v,tulltlm 11111II:,

,1 I ll~ll<)fll It, tl ,111(1 ,Illt 1~111111 ,)111 .111 11,1,14 , Wllll !;’ !14,,1 1,311,1 111!,

mdt xl mtlm 111, vlllll, ! tlf I 11,, ,,ll,.,,l (1, 11,)1 I 11111 Ill t 111,

11111 !1)11,.1 I Ir)m 111!. I 1 (1,, 11,,1 I x 11111 ,1),9 ,,1 111, $ 11!111 l,, ,,,1 Ill,,

.11,1,.1 (1! 11.

A ‘)01) nlo(lv I III I III t,t,ml,l 11111 ltIII vdut,~!utm il\Ilml IosI 1))11 ,1

,,,11.,~ (,,vI 1 WIIn m:l#l,~. II 1,1 Ilflllwll Ill l~lp.m !. K,llf, f I I

(lllrll Illltlu 1,,1111, !1,,11111 II V,* II 1,!11 f!l,lll,. ,>1 I II, - V,l<,l,l,,,

Illnmllr. 1 11111I 11[1. 1111,1 Itl Ill Illlmll,,l (, I I,, ill, !l 1(!11 Wllll 111(,

1111111 ( ,)1,, ,,,,11,

I(llllv Ill III!, l!l(,~!lj,,n Itlt Ion I,t8 I aS VI, m,l<lo~ Wllll II”

vl~ll ll#tl pllrl)v Ill,p,lnl,llt II Wllll 1)11 ,11 t ,.111111 I(I !1!,1 111,. l,lt( II

Hr.! I 11111 t (1 Iltlvm If Ieullzlt 4$11< 111 1(11 l,!!lllO1l (11 91)1, I 11 Ilp,. !,

I 11 1)1 (11.1 1<1 Illtvu (11(111,11 1$1,81$1, 111!. ,1 411111 114, (,! lall\ of

I III, n,,~m,,ill WI II II(I 1111 tIl f~lll IV !. 11111111111. II f>,, ,,lm,.

ll\ll),tl [$111 I lltll I Ill. Iw, ) ,. 11,1,1 of 11,,. N,, p,l,l,.111 I ,,!1111 lm~(l ,1

(Ilflulvl)l mlrr. ,. 1111111!. Wllllfl flblln,,l ttIIISI ,,sfmjtl I,ly 1//,
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Fig. 3. Vacuum chamber Model.

of an inch in the mnJor dlnmeterfl. The se~mentri nlsn
varied from srgmcnt to segment. These vorirltirrrrs could

be accomplished in chnrnhcr tooling but present serious
cumplt<<lt Ion R Wllictl wn(lld make the tOolili& very
expensive.

Since sertlonR made up of cylln~rlcfil pieces wo(!ld

hr the least difftcu]t to ,nnnufncturc, n st(ldy wns
under tflkrn to determine the fenstfrility of tbrtr ~Iso
for fnbricntirm of the chamh~ro The key tn tlle s)}rreHs
o f this appruncb is to cxnctly do flnr the con~cr ltues
of n[l,)nct,nt ney, mcntrr 01 the vncuum chnmhrr. ‘The nnp, le

formed hv theii@ ltnrrr Is then hirrectrd by n plnne prr-
prllldlculnr to thr plnne of the two rrntvr Iln(. n.
Cy lt ndvrri with tht. Hr llncH nH rrxeri will intr. rrivcl tllr
~ll,,llc ill ,.llll)Nrq that mntrll per foct]y. Tt)in coo(llt I(lil

ill id[.nl for- t Ile (.tlnmtw r reqtllrr~mrntu. II (1111~Vllll

(It, fine tllo r(, utrr-lln(, r4 rrIld tltr hnrd coro-1 int, s Withlll
(ncll nr-Rmrllt t 111.11 tho I)nrnmt, trrn ucceri Hnry for
mnmtfnrttirv nf tllr Rvxmrllt!i vnn I)(1 refrc>lv~d.

1 !1 Fl p,, 4, I’(11111 A rt~l,rf~tit,llttl tli,~ 71~1(1 I)(){lttti {)1

rll(, (,(1111111111111% 11X111 Ill till, rryl{llm. ‘rht H Ill It III 1,4 !11,$

1+,1)1 (qt. ,)! tl)a~ l);\t,l-4t, ro VIII 1 wftll 11111 #t,tlt#,t -1 [III, (II

t 111, VI1(I I!,,,, ,. II; 11111,F 1, (11 r’(~(!t Iy 1)1, I OW, ‘Tllr 11111[1-111!1,

I,(ll)l$f I 11111t~rl II t I Ill, ?,,, r’11 plllllt ,,1,% ((), (), {1), ‘1’111~

t,4~l\14,r- 1 lIIt I II I, Ir’Ill II II141f4 ntr$(I),IJ,-’I.))’!)(1/h11(,1111, ) III

Fin. h. vvt I I(III I’lllllo (:111)1IIlllnl t, !:ytlll, tn.

‘“\
.-’

‘\
\

1/4 scAlr

Fig. 5. Verticnl I’lntlr nt 11.25(’.

FIR. 4, Point B is thr cent l,r-l {11(, t]ltt. rHvrt !OII with

the vorttcnl ;Ilnne nt il. i?~f) IIn~l ]’(, in[ (: tM tlIr tl]t t,r -

rlrrt 1011 nt the hnrd-<ort, 11110 wI (}, t))o \ 1,2”)(’ vt. rt 11,111

p 1{111(. . E’ig(lrr 5 {54 tvplr:il t>f tlInt II f41.,1 [I [Iett,rmllli,

[fir’rt nll,,f~s tII f)v !Iitt,}:rntl,il lull) tlI(I r,)i)r(lf t)<)tc f:y!4tc, m

nf tllc hnrd-ror(, :io[l [,v!lt (~r-1 flit, tllt,,l!; (~,t 1011 I>,llllt !4,

At II. ?’)(J I’(llllt r{ IIU!4 tliu (, M)rc\l!\, tt (.R ‘?, f, bi )-l ,!7<1,
-? .194 nnd Poill[ (: Ilnl! tll(. ,.,,(, !(III,; II, ,!4 “I, n’ti(:, -..’ flrl,l),
I !1 I Ik(. mnt)llt, r I 1)4, Ilnr,l-r, )lr )11111 C, IS III (, r-1 I IIt,

cnordl nnl I,n rm1 1)!, f fIIIIIfil ;t ro, d I II(’ uut I r(, (,llnml)(,r. I t

Hhottl(f IIV tl(lt Od f Illlt f or II - ? ,1110 lIiIl f I1f t l){. ~rl<llldl(.~
In ldo Ilt Icnl to 11111 f)tl)er HII tlINl (,IIIY I(I v ,., t lt,11,4 nf, o<l
t [1 11($ [lot lll[~d, l’lp,ti r,, h 1,1 n (: Al)/(’Alf rcll.,~,~i,l)l,\t 1<111 III

Ill I 32 v(, rt Irnl PIIIIII, II wlII III IllI(IwIl [l! I t lit, l,(~tit or-l III(s!I

n IIfl llnrd-r{7rr I f!)l, fl (If tlll~ !;li~ll~lr:it(,r NYt4tt, m. 01,,,,

11,,, {,1)(1 V, II 11, II,,,, Ilt#, ,,lllnlllllllll~(l f411 1111, {1, !!1 8,1-1 !(11, nrllf

l\nr(l-(c)r4. I,, t,$r,l,,,. ( ,,,11 polllt!l c$tl(ll ,lf~},, ml,llt ,,111 1,(,

(.llnrnrl 1,1 [7, (,,1. “1’!, [ I 1,,1/t I,lt ,. II, ($ 1111,111(~11 I Ill, !Il,l, t f(lll

hot w(~t.11 11.2’)” , 1)1111(1:’;’ . I WI II 111, ,llllry/, ld.

. f,, V(, ll 11111 1’114! 11, l: Allll’Atl r{l~ptl, tlt$ttt .11 1!,11,

‘1111~,a\011t4 (Ill- tt!l1!11 Illwl. :

1) ‘1’1) I III(I 1111$!,?111,11 1,,11 01 Ill,, 111111!1 1,1,1111, ,11 11.4’’,’1

,111,1 ,11,1(1 tilt! ,111,,,1,, t 11:11 Ill!, tt,llll,l Itlll. 11).11!1!,1 Wflll 1111.1

\,lt\\\%~ !1 1!1 \\l, $ l~ltft llV {$? $I!tl, !l)l~ i!l~! !lll~i{ Irl,l)!t,l 111)1,1

II XIl~II(ll IIp, rtl)lll 74,111 111 I l..” I” 111111 I I. <’’I” 111 .’.’ .’I”. (), ,$

,)! I 11,, Ul$lll ,$1 I I 114,,, !111111111! I$xl,lttll$tl Ill Nl,(l<l ,1,,1 II It

Oq!lnltl 111 1,~11),111 Ill,, !lllll~l I I,tlt 1$1 r IIIIJ. 11!1, 4.11(1,1 ,!1

IIlt%ll,, Iillt%vl 111811 l,,,, 911!4, ,t \!t$l Ill, lllfl( 111!11 I>lftl, l 1111 !,1 1111$

1$1180(1 pltltlr, “Tfllrl In, I 4 ,Illlllt,,! Wllll ,1114Il\t$t ,1,,1 1,1 .,,

pl$lt, t Ill) Ill!, lll:r!l!~ ( I 11$, IIltl$tllt,l I 11!11 Ill Ih,!l lrl~!ltl$l

1111!$11) Nlltlwll tlll~ 111 Plltllllrlt Itltl ,11 1111 lll!l(~,l 11118!14$

,,q(t,ll !,!11. II Ill:



3.515X - 1.563Y + .3592 - 14.073 - 0

The nrlgle that the center line mrrkefl with

becomes 5.52”. ufling, the Bame procedurz, #;;.5~’:::

bisect plane equation is:

3.076x - 1.9i2Y + .6612 - 26.102 - 0

nnd ttle angle rrf the center line with the 22.5° bisect
plune is 4,32{’. These nngles r.re the cutting flagle~ on
t},,, cyli,l(lc, r to form this section. The lengtl) of the
center line from 11.25 to 22.5° is 14.888 inches.

2) ‘The rrngle of rotation between the planes at 11.25°
nod 22.5° is frntnri by a rleterm!nnticjn of the planes
parrriing thr(mRh nd,)t. cent center lines at 11.25(’ nrrd
22.5”. The .lngle between the pcrpendiculnr bisectors
of thl!Hc planes (these hiseclor llnes are the mtnrrr
nxo H of the el lipse}f formed fit cnctl bisect plrrnc)

hccnmeri tllc nnf,lo nf
rc lot ivo to cnrh other
oq(mtiunw nru rrt 11.25(’,

X + 3.924Y + 7,294z

nnd rrt 22.5(’

rotat inn nf the bisect plnncrr
11 encll Section. The plqn(.

+ 17.32 - 0

X + ‘1.513Y + 5.875X + 13,59 - f)

‘TIIc mIglr. b(. twcen tllo porpr. ndlc~llrrrs to tllenr p!u I1en lH
‘;. >)7”.

‘]) ‘~[) f!lld 1}11$ II IIRII, {)f r~ll(lfl{)ll Ih{lt !hO fltflrt of t 111,
11(,11X m,lkvrr with II)C mll)t)r nxlrI nf tho htpert I,lnno tt
{N lli,[,~,?,larv [0 f lnd tht, Oqluit [011 or tho II IIIIW FIN(IP UP
,,f r,,,,r(l[ll;lf tsf{ of t II(. I,ard c{]ri. I Iuc pro \(, ct ed (Inl l) Ille

l,l!l,, (1 l)lnl,(j I(}R(, tilt. r wt(l I tlIo rcnlor 111111 roor(llnatt, fl”

II Till t 110 (.l[ll /11!(11) III tl)(. rnlnor nxlrr It no. Thl. offrrr.1

II II XII. hot w{.oll tbv plmw I mId I 1111~ IN 111011 (I(lt ormlliud an(l

I)o((,mt. n (,, (,(4’), TI1O ,IXIOI dlrrtntl(, o bctwt. on tlI(, rnlnor

11X1,1 atlll 11!11(1t.l)lt~ 1111)Ir(.t 1(11) (.nll ho (let vrmll, t,d f r<)m

Jlllalyn{H of tlIo t rltii)fllo ftlrml,{l by tlIr hard voro pr, )--

!*.(II,,!l (,, (,r8111\4tt, ,,4 :11111 tlIo IWII rvntor llno toor(lll. ntt, ~

{Illd IH rolltld t {, h . I 1o”.

Tlll$ 11(.11X 1111}{1($ 1!1 Mlmllly Illv illlfilo Ior’llwll Ilv 1111,

I 1111$!8 Irlzllll> !111 Ill 111(, Ilar’11 i,tllf, plll\l~rl 11111 ,,llt, t,ll 11(>I I$n

,111(1 1)1, !1!4$1),1! (111)1111 111)1!1 Illl$flo {4){ll<lt!\all,r1 to 11,,1 tl,~,. -

1 11,11 (1,1114,1 I I Ii** . l“,)1 111!11 t4, Q(t 1 {111 I Ill.

) l,)}]”,

1111~1 1, f 14

‘1’11(~ 1111!1! (11!1, I:!lltlvl$ Ivll}!tll 1!1 Illt. 11$11}!111 01 1111.

I 1111, III- I W4,1.11 111(. 11(11!1 (1111, pltlll~(l 11111 1.,9,11(11 tlal t~,l nll,l

1,1 1’1,14)’1,

{) It,)’,

11.)’) ;’,,’)

,’ .’,, 11,1’)
\l, /”! /,’), ()

4’).(I ‘,1) . ,1‘,

‘!(, ,:’, I,/,’,

1,1,’9 /11.1’)
/!1.’) ,)( ),11

CA~/CAM Charncterizatlon.—

i cnmplete CAD/CAM annlysis of the sections from 0
to 90” was made. Figure 7 shows the bisect planes
super imporred on tl:e vertical plnnerr between O - 90°.
Figtlre 8 is the section from 11,25-22.5° from which all
pflrametere nrcessary for mnchining ttlis section were
obtained. Table I lists the dimenfrions for each sec-
tion.
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